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^ ■ We discuss possible manifestations of R parity breaking in the Higgs sector. We 

illustrate this with three examples: high-energy mono-photon production at LEP, 
' calculation of limits on associated production of invisibly decaying Higgs bosons 

and discussion of non-standard scalar decays in the MSSM with broken R parity. 



1 Introduction 
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C*~) ' In analysing the supersymmetric theories one usually assumes the conservation 

of a discrete symmetry, called R parityfl, distinguishing matter fields from 
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their superpartners. The R parity violation could lead to phenomenologically 
interesting effects, such as mixing of gauginos with leptonsi and Higgs bosons 
with sleptons&0 (and hence breaking of the lepton number), non-zero neutrino 
and their decaysi, Z° decays to single charginos or neutralinosi, 



massesu 

existence of a massless Goldstone boson called majoronH and many others. In 
contrast to the R parity breaking in the fermion sector, its consequences in 
the scalar sector are relatively less explored. We present three examples of 
5_j ■ possible manifestations of R-parity breaking in the Higgs sector: high-energy 



mono-photon production at LEPEJ, associated production of invisibly decaying 
Higgs bosons0 and novel scalar decays in the MSSM with broken R parityS. 



2 Single Photon Decays of the Z° and SUSY with Broken R-Parity 

Recently the OPAL collaboration has published a high statistics single photon 
spectrum that shows some excess of high energy photons above the expecta- 
tions from g the initial state radiation (ISR)El. This excess could be explained 
in a class of SUSY models with spontaneous violation of R parity, which pre- 



Figure 1: Diagrams contributing to the monochromatic single photon emission Z () — > 7J 

diet the existence of new Z° decay modes involving single (Z° — > J7) or double 
(Z° — > JJ7) invisible massless majoron emission. 

Single majoron emission would produce monochromatic photons emitted 
with energy M^-. In order to estimate the attainable values of Bi(Z° — > J7) 
we adopt as a model for the spontaneous R parity violation the one proposed 
hS Diagrams contributing at the 1-loop level to the process Z° — ► J7 are 
shown in Fig. [l| We obtained the explicit expression for Br(Z° — > 7J) by 
calculation of the 3-point Green functions of Fig. |[ We have varied model pa- 
rameters, rejecting points violating constraints imposed by existing laboratory 
observations, cosmology and astrophysics. We have found that the branching 
ratio for the 2-body Z° decay to a single photon + missing momentum in the 
considered model can reach 10~ 5 , being within the sensitivity of LEP0. 

Double emission process Z a — > J J7 would give rise to a continuous photon 
spectrum? Imposing gauge and CP invariance and Bose symmetry, one can 
express the on-shell amplitude in terms of a single form- factor Vq: 

A(Z° JJj) - V Q {p»(qi + Q2Y - p{qi + <i2)gn^{p + 12)£Ap) (i) 

As the simplest illustration we derive the 7-spectrum following from eq. (|l|) in 
the approximation of constant Vq. We obtain 
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The details of the shape of the 7 spectrum depend upon the specific model 
and SUSY parameters choice, but its general characteristic is determined by 
kinematics and is different from the SM process Z° — ► uVj. Superimposed 

"We do not consider here other possible mechanisms, like LSP pair production followed 
by the radiative decay of one of them \° ~ * l u an d the invisible decay of the other x° ~* J v - 



upon the continuous spectrum we have, in addition, a spike at its endpoint, 
corresponding to the emission of the monochromatic 7 in the Z® — ► 7 J decay. 



3 Limits on Associated Production of Invisibly Decaying Higgs 
Bosons from Z° Decays 

In a class of models with a spontaneously broken global symmetry the CP- 
even Higgs boson(s) are expected to have sizeable invisible decay modes to 
the majorons0. This decay could contribute to the signal looked for at LEP 
- two acoplanar jets + missing momentum. The existing analyses of the in- 
visible Higgs search have concentrated on a minimally extended SM Higgs 
sector with the addition of a Higgs singlet and hence on the Bjorken process0. 
We extend this analysis to include the model containing two Higgs doublets 
and a singlet (carrying lepton number)E! and the associated production of the 
CP-even and CP-odd Higgs bosonsB. For the illustration, we display the con- 
straints obtained for the published ALEPH data sampleEl based on a statistics 
of 1.23 x 10 6 hadronic Z° events. 

After spontaneous SU{2) x £7(1) x U(1)l breaking, the Higgs sector of the 
considered model contains 3 massive CP-even scalars H i: a massive CP-odd 
scalar A and the massless majoron J. We assume that at LEP only the lightest 
CP-even scalar H\ = H can be produced. The relevant couplings are: 



hzz = {V2G F ) 1/2 M 2 Z e B Z^H (3) 
e 

sin 6w cos 9w 



C haz = ~ — Q Q saZ^H A. (4) 



where — 1- The main H decay modes are bb, J J and AA (if run > 2m a)- 

HJJ coupling strength is unconstrained and can be effectively parameterized 
by B = Br(if -> J J), < B < 1? The decay A J J J does not exist since 
the (CP-allowed) couplings AJ 3 or AH J vanish at the tree level in our model. 
Since A can decay only visibly (B A = Br(A -> bb) w 90% for m A > 20 GeV), 

'The parameterization of the expected number of the invisible Higgs boson events in 
terms of mjj, m-A, ^A, £fl and B is quite general and not limited only to the modclEl. 




Figure 2: Numbers of expected dijet + Figure 3: Limits on e\ in the m A -m H 
missing momentum events after imposing plane based on e+e - -» HA -> JJbb chan- 
ALEPH cuts. nel. We have assumed Br(H -> J J) = 

100%. 



one expects dijets + missing momentum as a signal of the Higgs production. 
This signal arises from three processes: 1) Z°* — > vV, H — > 66, 2) Z°* — > gg, 
H — > J J and 3) i? — > JJ, A — > 66. For each process one has a sizeable missing 
momentum which is aligned neither along the beam nor along the jets. For the 
SM background missing momentum arises from i) jet fluctuation (including 
escaping v from 6, c and r jets) in which case it is aligned along the jets, and 
ii) ISR or e + e~ — > (e + e~)77 process in which case it is aligned along the beam 
direction. This enables one to eliminate the SM background by a combination 
of kinematic cuts0. We denote the number of expected signal events for the 
processes l)-3), after the cuts, by Nsm, Njj and Na respectively, assuming no 
suppression due to the mixing angles or branching fractions in each case. The 
expected number of signal events, after incorporating these effects, is given by 

N 2j = e 2 B [BNj + (1 - B)N SM ] + e 2 A B A BN A (5) 

As can be seen in Fig. ||, N A ~> Nsm,Njj, implying that, if not suppressed 
kincmatically or by mixing angles, associated production gives the strong limits 
on e A (see Fig. [| where we have assumed fully invisible H decay). The limit on 
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e B is given by the Bjorken process and is the same as obtained mEl. A decay 
mode independent limits on e 2 A , e B can be obtained by varying B from to 1 
and combining the data on dijet + missing momentum with those from 4 and 
6 6-jet searches. The overall limit is dominated by visible channels, which give 
weaker constraints on e\, e B then those obtained for the invisible H decay. 

4 Novel Scalar Boson Decays in SUSY with Broken R-Parity 

The standard MSSM R parity conserving superpotential can be generalized by 
adding the following R parity (and lepton number) violating terms: 



W R = e ab 



\jkL1L b j E k + \' ljk LiQ b j D% + eiL°;H2 (6) 



We focus on the effect of the last term in eq. (0), assuming in addition ei.2 ~ 0. 
The remaining t^Lj,Hi term induces a non-zero VEV for the tau sneutrino: 
(v r ) = and leads to mixing of gauginos with leptons, Higgs scalars with the 
tau sneutrino and hence to the R parity violating Higgs bosons decay modes. 

All the elements of the various mixing matrices can be expressed in terms 
of six independent parameters which we choose as tan/3 = , v 2 , u, 63, m 2 A , 
the gaugino and soft sneutrino mass parameters M% and to_l 3 . We have taken 
into account the following constraints on the model parameters: 

1) The major constraint on €3 and hence on R parity violating mixings comes 
from bound on v r massEl, induced by the non-zero 63: m Vr < 30 MeVf 

2) Decay widths T(Z° — > x°X°:X + X ~) should obey the LEP restrictions. 
The decay h — > x° v t occurs either through the sneutrino component of h, 

h = a 3 i(i> T ) R + a 2 i{4>2)R + an(0i)i? (7) 

or through v T admixture in the LSP in the h\X vertex. The mixing 031 ap- 
pearing in eq. (Q) is of the order of O (^ m ^^i J and become large if the 
sneutrino mass is close to the mass of the relevant Higgs boson. The relative 
importance of the SUSY decay mode h — > x° v t follows from the ratio: 

§ee comments intil on possible cosmological constraints. 
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Figure 4: Br(/i — > x 0l v) as a function of the 
difference of the physical h and v T masses. 
The v T mass labels the different curves. 
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Figure 5: Branching ratios for ii T decays as 
a function of its mass for tan /3=10,Af2=70 
GeV,/z=200 GeV,e 3 =l GeV,m A =250 GeV. 
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where £ denotes the appropriate gaugino-LSP mixing clement. Rq and also 



R+ = 



_ r(/w X ± rT) 



r(h->bb) 



can be estimated to be of the order of O 
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(m h -m^) 2 



In Fig. |i| we display the branching ratios for h decays to LSP + v T as a function 
of the /i-z> T mass difference, for a suitable choice of SUSY parameters. Clearly, 
for relatively small h-v r mass differences of a few GeV, the supersymmetric 
channel can dominate over the SM ones (similarly for A — ► y^v Tl x ±tT decays). 
Conversely, v T may decay into R parity violating SM channels such as bb, t + t~ 
or the invisible mode vv. These decays are dominant when the phase space 
for the R parity conserving channels such as x v is closed (see Fig. || where 
m-LSP ~ 65 GeV) and may be non-negligible even above the LSP threshold if 
ffifi sa mp T , leading to a resonant enhancement of bb, t + t~ modes (see small 
rise of Br(i> r — > bb) in Fig. || for mc r ~ m h = 155 GeV). Finally, the R parity 
breaking terms lead to the unstable LSP, which would decay inside the detector 
if £3 ~ few GeV. Folding the R parity violating Higgs boson decays to the LSP 
with the standard decays of Z° one gets the signatures in e + e~ collisions which 
do not occur in the SM, such as re or rfi pairs + missing momentum0. 
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